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INTRODUCTION
The family Serrasalmidae (Characiformes) is a group of fresh-
water fishes containing 94 recognized species (Eschmeyer and Fong 
2017). These fishes, commonly known as pacus and piranhas, are 
native to South America and possess a wide range of feeding strat-
egies from predatory piscivory, fin and scale biting, to omnivory 
(e.g., invertebrates, leaves, algae, fruits, and seeds; Goulding 1980; 
Winemiller 1989; Correa et al. 2007). Differences in trophic guilds 
have been associated with differences in morphological characters 
related to alimentation such as tooth shape and number (Goulding 
1980; Ortí et al. 2008).
The genus Piaractus (family Serrasalmidae) contains two spe-
cies: P. brachypomus, distributed in the Orinoco and Amazon riv-
er basins across Argentina, Bolivia, Brazil, Colombia, Peru, and 
Venezuela (Eschmeyer et al. 2017), and P. mesopotamicus, which 
occurs in the Paraguay-Parana river basin in Argentina, Bolivia, 
Brazil, Paraguay, and Uruguay (Eschmeyer et al. 2017). Both spe-
cies are highly valued in the global aquarium (Nico et al. 2017) and 
aquaculture industries (Singh 2014; Ramos-Valladão et al. 2016) 
and consequently have been introduced outside their native range 
(e.g., Europe, United States of America, Southeast Asia, India and 
Colombia; Howells 2001; Cagauan 2007; Leunda 2010; Ćaleta et 
al. 2011; Restrepo-Santa Maria and Alvarez-León 2013; Correa et 
al. 2014). 
Lago Petén-Itzá is a lake located in the karstic region of El Petén 
in northern Guatemala (Curtis et al. 1998; Brenner et al. 2002; An-
selmetti et al. 2006). The lake, located in an endorheic basin, is 
some 100 km2 in area and can be divided into two major zones: the 
northern basin, which is up to 160 meters deep and the shallower 
southern basin that reaches only 50 meters (Fig. 1; Anselmetti et 
al. 2006). Twenty-two native (Brenner et al. 2002; Barrientos 2015) 
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ABSTRACT
We documented the first record of the non-native species Piaractus brachypomus (Characiformes: Serrasalmidae) in Lago Petén-
Itzá, Petén, Guatemala. One brined specimen was donated by a local fisherman in San Benito, El Petén. The captured specimen was 
reportedly collected in the southern basin of the lake. We used the mitochondrial gene cytochrome oxidase I (COI) to validate identity 
of the specimen. We hypothesize that the local aquarium trade is the most likely source of introduction of the non-native Pacu in Lago 
Petén-Itzá.  
RESUMEN
Documentamos el primer registro de la especie no nativa Piaractus brachypomus (Characiformes: Serrasalmidae) en el lago Petén 
Itzá, Petén, Guatemala. Un espécimen colectado en la cuenca sur del lago por pescadores locales de San Benito, Petén nos fue donado. 
La identificación a nivel de especie fue realizada utilizando el gen mitocondrial citocromo oxidasa I (COI). Hipotetizamos que individ-
uos provenientes de acuarios ornamentales son la fuente más plausible de la introducción del pez no nativo Pacu en el lago Petén Itzá. 
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Figure 1: Location of Lago Petén-Itzá in northern Guatemala. Sampling localities (white 
dots) are: San Benito (1), Aereopuerto (2), Petencito (3), and El Remate (4). The red star 
corresponds to the approximate area where the fisherman collected the initial speci-
men of P. brachypomus (FMNH 131894), as well as the area where the other two Pacus 
were caught and reported by local fisherman. 
and two non-native species of freshwater fishes (Oreochromis ni-
loticus and Pterygoplicthys sp.) are reported from the lake (Barri-
entos 2015). We document the presence of introduced Piaractus 
brachypomus (Serrasalmidae) in Northern Guatemala.
MATERIALS AND METHODS
Fieldwork – During a recent trip to Lago Petén-Itzá, fishermen 
in the southern basin of the lake commented to the authors (DJE 
and CDM) they had recently caught a type of fish that they had 
never before observed. One of the fish was brined and preserved 
(salted) by a fisherman and donated to the authors (Fig. 2). The 
specimen was washed to eliminate the salt and tissue samples of 
muscle were preserved in 95% ethanol. The specimen was formalin 
fixed and deposited in the Collection of Fishes at The Field Muse-
um of Natural History (FMNH 131894).
On the 4th and 5th of March 2017, we conducted six sampling 
(collecting) events in Lago Petén-Itzá at four localities: three in the 
southern basin and one in the northern basin (Fig. 1). Collecting 
events were conducted during the morning, afternoon, and night 
using three collection methods (cast net, seine, and gillnets). Cast 
net and seine were each used for two hours per locality while gill-
nets (300m in length) were set at noon and at dawn for three hours 
and checked every hour (Table 1).
One of the main sources of introduction reported for non-na-
tive species is the release of ornamental/aquarium fishes (Duggan 
et al. 2006; Cagauan 2007; Nico et al. 2017). We visited three pet 
stores selling ornamental fishes around the vicinity of the lake, one 
of which sold juvenile Piaractus resembling the species collected 
by the fisherman. We obtained an individual, euthanized it, and 
removed the right pectoral fin and stored it in 95% ethanol for mo-
lecular analysis (Fig. 3). The voucher specimen was preserved in 
10% formalin (FMNH 131895). 
 
Molecular analysis – Whole genomic DNA was extracted from 
the two tissue samples using a Qiagen DNeasy Tissue kit. The mi-
tochondrial cytochrome oxidase I gene (COI) was amplified and 
sequenced in both forward and reverse directions using the prim-
ers BOL-F and BOL-R (Ward et al. 2005) via polymerase chain re-
action (PCR) in 25μL reactions. The PCR protocols follow Ward et 
al. (2005). Amplification products were visualized on a 1% agarose 
gel, purified with ExoSAP-IT, and sequenced on an ABI 3730 in 
the Pritzker Laboratory for Molecular Systematics and Evolution at 
The Field Museum of Natural History. Sequences for the two pacu 
specimens were compared with sequences on GenBank using the 









During our fieldwork, we collected a total of 14 species of na-
tive freshwater fishes in Lago Petén-Itzá (Table 2), but did not col-
lect a single specimen of Piaractus brachypomus. Approximately a 
month after our field expedition, a fisherman caught two addition-
al pacu individuals according to a local Guatemalan newspaper 
(Escobar 2017). These individuals were collected in the southern 
basin of Lago Petén-Itzá (Fig. 1); the same region where the initial 
specimen reported here was collected, and where we conducted 
our sampling efforts.
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Figure 2: Specimen of Piaractus brachypomus, collected by fisher-
men in Lago Petén-Itzá (FMNH 131894). 
Figure 3: Specimen of Piaractus brachypomus (FMNH 131895) pur-
chased from pet store in Santa Elena, Peten near Lago Petén-Itzá 
showing live coloration (A) and coloration after preservation (B).
Table 1: Collecting events in Lago Petén-Itzá with three different 
methods: cast net (C), seine (S), and gillnets (G). Sampling localities: 
















Two rows of teeth in the premaxilla are diagnostic of the family 
Serrasalmidae (Ortí et al. 2008; Thompson et al. 2014). Poor pres-
ervation of the donated specimen from the fisherman made exam-
ination of morphological characters difficult. However, we iden-
tified two rows of teeth on the premaxilla of FMNH 131894. COI 
sequence data for the two pacu specimens were 632 base pairs in 
length and identical (GenBank accession number MG754202 for 
FMNH 131894 and MG754201 for FMNH 131895). Based on Blast 
matches, the sequences were identical to sequences of P. brachypo-
mus from the Orinoco River archived in GenBank (Escobar L. et 
al. 2015).
Since there are no records of members of Serrasalmidae being 
used for aquaculture in Guatemala (OSPESCA 2012, FAO 2014), 
we do not consider this as a likely source of introduction of the 
specimen collected in Lago Petén-Itzá. A more plausible source 
is the aquarium trade (Duggan et al. 2006) around the lake. Lago 
Petén-Itzá is a popular tourist destination, with many hotels and 
restaurants. Some of these establishments possess artificial ponds 
that sometimes contain non-native species (Barrientos 2015), 
making them a potential source of introduction through acciden-
tal escape during severe weather or intentional release (Duggan et 
al. 2006).
There were differences in the size (standard length) of the spec-
imen of P. brachypomus collected by the fishermen and the fishes 
we observed in the aquarium trade in the area surrounding the 
lake (Figs. 2-3). Pacus for sale were juveniles (Fig. 3), but fishes of 
similar size to the specimen caught by fisherman were observed on 
display in a pet store. The difference in size and the two additional 
records of this species in Lago Petén-Itzá (Escobar 2017) suggests 
that all the specimens were released/escaped at a smaller size and 
grew in the lake.
CONCLUSIONS
Effects of introductions of non-native species in ecosystems 
can have severe ecological impacts such as displacement, competi-
tive exclusion, and extirpation of native species (Mooney and Cle-
land 2001). Piaractus brachypomus occupies a unique trophic guild 
(fruits/seeds) in its natural range. However, Correa et al. (2014) in-
dicate that an established population of the P. brachypomus in Pap-
ua New Guinea has drastically changed their diet from fruits and 
seeds to piscivory (likely carrion and not predation) and aquatic 
vegetation. This dietary plasticity towards aquatic vegetation is a 
potential threat to native species in Lago Petén-Itzá, where fishes 
possess a strong relationship with the littoral zone and aquatic veg-
etation that provides critical habitat for reproduction and growth 
(Barrientos and Allen 2008; Barrientos 2015). A potential shift in 
the diet of an introduced population of this species could have neg-
ative effects on the lake’s native biodiversity. This shift could also 
have a direct impact on the artisanal fisheries of the lake, which 
typically target cichlids (e.g., Petenia splendida, Mayaheros urop-
thalmus, Vieja melanura, Parachromis friedrichsthalii; Barrientos 
2015; Quintana 2015). These cichlids use aquatic vegetation in 
Lago Petén-Itzá for food and shelter (Barrientos 2015). 
There is currently no evidence that P. brachypomus has an es-
tablished population in Lago Petén-Itzá (e.g., no records of breed-
ing individuals in the lake); however, there has not been a direct 
effort to intensively sample the shore and areas with vegetation. 
Nevertheless, the evidence presented here clearly documents the 
introduction of this species in Lago Petén-Itzá. We conclude that 
this introduction is in its early stages, and based on the invasive 
potential for this species (Correa et al. 2014) and others (e.g., Pter-
ygoplicthys spp.) in the region (Kihn et al. 2006; Wakida-Kusunoki 
et al. 2006; Wakida-Kusunoki and Amador-del-Angel 2008; Barri-
entos 2015; Wakida-Kusunoki et al. 2016), we suggest there is an 
urgent need to evaluate the extent of these introduced populations 
and eradicate them from the lake.
ACKNOWLEDGMENTS
We thank the National Council of Protected Areas of Guate-
mala (CONAP) for granting permits for research (collecting per-
mit I-004-98; export permit 121, 122/2017). Many thanks to The 
Center for Conservation Studies (CECON) of the University of 
San Carlos for invaluable support and collaboration. Licda. Mer-
cedes Barrios (CECON), Licda. Airam López (CONAP) and Lic. 
Julio Madrid (CONAP) supported this work. We are grateful to 
the fishermen of San Benito and El Arrozal in Petén for sharing 
valuable information and the initial specimen with us, as well as 
Dr. Christian Barrientos and Yasmin Quintana for their import-
ant comments. This work was supported in part by an award from 
the Negaunee Foundation to C. McMahan and an NSF grant DEB-
1354149 to P. Chakrabarty. Molecular genetics research was car-
ried out in The Field Museum’s Pritzker Laboratory for Molecular 
Systematics and Evolution, operated with support from the Pritz-
ker Foundation.
LITERATURE CITED
ALTSCHUL, S.F., GISH, W., MILLER, W., MYERS, E.W. & LIP-
MAN D.J. 1990. Basic local alignment search tool. Journal 
Elías et al. Occasional Papers 4
Table 2: Species collected in Lago Petén-Itzá during fieldwork 4-5 
March 2017.
of Molecular Biology 215: 403–410. https://doi.org/10.1016/
S0022-2836(05)80360-2
ANSELMETTI, F.S., ARIZTEGUI, D., HODELL, D.A., 
HILLESHEIM, M.B., BRENNER, M., GILLI, A., MCK-
ENZIE, J.A. & MUELLER, A.D. 2006. Palaeogeography, 
Palaeoclimatology, Palaeoecology 230: 52–69. https://doi.
org/10.1016/j.palaeo.2005.06.037 
BARRIENTOS, C.A. 2015. Life history variation and artisanal fish-
ery assessment of the giant cichlid (Petenia splendida Gün-
ther 1862) in Guatemalan lakes. PhD dissertation. University 
of Florida, Gainesville.
BARRIENTOS, C.A. & ALLEN M.S. 2008. Fish abundance and 
community composition in native and non-native plants 
following Hydrilla colonization at Lake Izabal, Guatemala. 
Fisheries Management and Ecology 15: 99–106. https://DOI: 
10.1111/j.1365-2400.2007.00588.x
BRENNER, M., ROSENMEIER, M.F., HODELL, D.A., CURTIS, 
J.H., ANSELMETTI, F. & ARIZTEGUI D. 2002. Limnologia 
y paleolimnologia de Peten, Guatemala. Revista Universidad 
del Valle de Guatemala. 12: 2–9.
CAGAUAN, A.G. 2007. Red-bellied Pacu in the Philippines. 2007. 
Journal of environmental Science and Management 10: 42–47.
ĆALETA, M., TUTMAN, P., BUJ, I., ZANELLA, D., MUSTAFIĆ, 
P., MARČIĆ, Z., MRAKOVČIĆ, M. & DULČIĆ J. 2011. How 
was a Pirapitinga, Piaractus brachypomus (Serrasalmidae) 
introduced in Croatian freshwaters? Cybium 35: 259–261.
CORREA, S.B., WINEMILLER, K.O., LÓPEZ-FERNÁNDEZ, H. 
& GALETTI, M. 2007. Evolutionary perspectives on seed 
consumption and dispersal by fishes. BioScience 57: 748–756. 
https://doi.org/10.1641/B570907
CORREA, S.B., BETANCUR-R., R., DE MERONA, B. & ARM-
BRUSTER, J.W. 2014. Diet shift of Red Belly Pacu Piaractus 
brachypomus (Cuvier, 1818) (Characiformes: Serrasalmi-
dae), a neotropical fish, in the Sepik-Ramu River Basin, Pap-
ua New Guinea Neotropical Ichthyology 12: 827–833. https://
DOI: 10.1590/1982-0224-20130212
CURTIS, J.H., BRENNER, M., HODELL, D.A., BALSER, R.A., IS-
LEBE, G.A. & HOOGHIEMSTRA, H. 1998. A multi-proxy 
study of Holocene environmental change in the Maya Low-
lands of Petén, Guatemala. Journal of Paleolimnology 19: 
139–159.
DUGGAN, I.C., RIXON, C.A. & MACISAAC H.J. 2006. Popular-
ity and propagule pressure: determinants of introduction 
and establishment of aquarium fish. Biological Invasions 8: 
377–382. https://DOI 10.1007/s10530-004-2310-2
ESCHMEYER W. & FONG J.  Species by family/subfamily. (http://
researcharchive.calacademy.org/research/ichthyology/cat-
alog/SpeciesByFamily.asp) Electronic version accessed 24 
Aug 2017.
ESCHMEYER W., FRICKE R. Y VAN DER LAAN (EDS). Catalog 
of Fishes: Genera, Species, References. (http://researchar-
chive.calacademy.org/research/ichthyology/catalog/fishcat-
main.asp) Electronic version accessed 24 Aug 2017.
ESCOBAR L M.D., ANDRADE-LÓPEZ, J., FARIAS, I.P. & HR-
BEK, T. 2015. Delimiting Evolutionary Significant Units 
of the Fish, Piaractus brachypomus (Characiformes: Ser-
rasalmidae), from the Orinoco and Amazon River Basins 
with Insight on Routes of Historical Connectivity. Journal of 
Heredity 106(S1): 428–438.
ESCOBAR R. 2017. Alertan sobre hallazgo de peces que parecen pi-
rañas en lago Petén Itzá. Siglo XXI.( http://s21.gt/2017/04/08/
alertan-sobre-hallazgo-de-peces-que-parecen-piranas-en-
lago-peten-itza/). Electronic version accessed 25 August 
2017.
FAO. 2014. Contribución de la pesca y la acuicultura a la seguridad 
alimentaria y el ingreso familiar en Centroamérica. 91 pp. 
GOULDING, M. 1980. The Fishes and the forest: explorations in 
Amazonian Natural History. University of California Press. 
257 pp. 
HOWELLS, R.G. 2001. Introduced Non-native fishes and shellfish-
es in Texas waters: an updated list and discussion. Manage-
ment Data Series, Texas Parks and Wildlife Department 27 
pp. 
JOHNSON, M., ZARETSKAYA, I., RAYTSELIS, Y., MEREZHUK, 
Y., MCGINNIS, S. & MADDEN T.L. 2008. NCBI BLAST: a 
better web interface. Nucleic Acids Research. 36: 5–9 https://
doi.org/10.1093/nar/gkn201
KIHN, H., CANO, E., & MORALES, A. 2006. Peces de las aguas in-
teriores de Guatemala. pp. En: Cano E. (Ed). (pp. 457–485), 
Biodiversidad de Guatemala. Vol 1. Universidad del Valle. 
Guatemala.
LEUNDA, P.M 2010. Impacts of non-native fishes on Iberian fresh-
water ichthyofauna: current knowledge and gaps. Aquatic In-
vasions 5: 239–262. https://doi: 10.3391/ai.2010.5.3.03
MOONEY, H.A. & CLELAND, E.E. 2001. The evolutionary im-
pact of invasive species. Proc. Nat. Acad. Sci 98: 5446–5451. 
https://doi: 10.1073/pnas.091093398
NICO, L., FULLER, P. & NEILSON, M. 2017. Piaractus brachy-
pomus. USGS Non-indigenous Aquatic Species Database, 
Gainesville FL.  (https://nas.er.usgs.gov/queries/FactSheet.
aspx?speciesID=427) electronic version accessed 09 August 
2017.
ORTÍ, G., SIVASUNDAR, A., DIETZ, K. & JÉGU M. 2008. Phy-
logeny of the Serrasalmidae (Characiformes) based on 
mitochondrial DNA sequences. Genetics and Molecular 
Biology 31: 343–351. https://dx.doi.org/10.1590/S1415-
47572008000200030 
OSPESCA. 2012. Encuesta estructural de la pesca artesanal y la 
acuicultura en Centroamérica 2009–2011. 76 pp. 
QUINTANA, Y.O. 2015. Assessment of the artisanal giant cichlid 
(Petenia splendida) fishery in lake Petén Itzá, Guatemala. 
Master Thesis. University of Florida, Gainesville. 
RAMOS-VALLADÃO, G.M., GALLANI, S.U. & PILARSKI F. 
2016. South American fish for continental aquaculture. Re-
views in Aquaculture. https://doi:10.1111/raq.12164
RESTREPO-SANTA MARIA, D. & ALVAREZ-LEÓN, R. 2013. Al-
gunos aspectos sobre la introducción de especies, y estado 
del conocimiento sobre los peces introducidos en el departa-
mento de Caldas, Colombia. Revista Luna Azul 36: 268–281.
SINGH, A.K. 2014. Emerging alien species in Indian aquaculture: 
prospects and threats. Journal of Aquatic Biology and Fisher-
ies 2: 32–41.
THOMPSON, A.W., BETANCUR-R, R., LÓPEZ-FERNÁNDEZ, 
H. & ORTÍ G. 2014. A time-calibrated, multi-locus phylog-
First Record of the Non-Native Pacu, Piaractus brachypomus, in Lago Peté-ItzáNo. 88 5
eny of piranhas and pacus (Characiformes: Serrasalmidae) 
and a comparison of species tree methods. Molecular Phylo-
genetics and Evolution 81: 242–257. https://doi.org/10.1016/j.
ympev.2014.06.018
WARD, R.D., ZEMLAK, T.S., INNES, B.H., LAST, P.R. & HEBERT, 
P.D. 2005. DNA barcoding Australia’s fish species. Phi-
los. Trans. R. Soc. B 360: 1847–1857. https://DOI: 10.1098/
rstb.2005.1716
WAKIDA-KUSUNOKI, A.T., RUIZ-CARUS, R. & AMA-
DOR-DEL-ANGEL, E. 2006. Amazon Sailfin Catfish, Pter-
ygoplichthys pardalis (Castelnau, 1855) (Loricariidae), an-
other exotic species established in Southeastern Mexico. The 
Southwestern Naturalist 52: 141–144. https://doi.org/10.1894
/0038-4909(2007)52[141:ASCPPC]2.0.CO;2 
WAKIDA-KUSUNOKI, A.T. & AMADOR-DEL-ANGEL, L.E. 
2008. Nuevos registros de los plecos  Pterygoplichthys par-
dalis (Castelnau 1855) y P. disjunctivus (Weber 1991) (Siluri-
formes: Loricariidae) en el Sureste de México. Hydrobiológi-
ca 18: 251–256.
WAKIDA-KUSUNOKI, A.T., AMADOR-DEL-ANGEL, L.E., 
ROMERO-HERNANDEZ, E. & BOZADA L.M. 2016. Range 
expansion of the invasive Amazon Sailfin Catfish, Pterygo-
plichthys pardalis (Castelnau, 1855), in the central and south-
eastern Gulf of Mexico. Limnetica 35: 297–302.
WINEMILLER, K.O. 1989. Ontogenetic diet shifts and resource 
partitioning among piscivorous fishes in the Venezuelan lla-
nos. Environmental Biology of Fishes 26: 177–199.
Elías et al. Occasional Papers 6
